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ABCTRACT 
The São Francisco Sub-Middle excerpt is considered favorable for fish farming region. Despite the 
economic and social importance of this activity, the use of antibiotics, hormones for reversal of 
fingerlings and the nitrogen and phosphate addition through the feed, represent potentially generating 
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sources of environmental impacts. Ecotoxicological studies associated with physicochemical and 
biological assessments provide information about the wastewater of fish farming and its impacts, 
contributing to the formulation of public policies for monitoring wastewater released in water bodies. 
Ahead this, the present study was carried out on an excaved tank fish farming with Oreochromis 
niloticus cultivation in Pernambuco (Brazil), in the semi-arid region. Ecotoxicological parameters 
were evaluated, physico-chemical and biological agents on six sampling points. The results showed 
that when comparing the data points in the wastewater before and after the treatment by 
phytoremediation it is observed that there was a values decrease for the physical and chemical 
parameters, with high rate of dissolved oxygen. However, for the biological variables there was 
registered an increase in, calling attention to Itaparica reservoir, with cyanobacteria densities above 
the limit permitted by CONAMA Resolution 357/05. Since many of these parameters indicate 
eutrophication and may interfere with the water and in fish quality. Water and wastewater from fish 
farming in excavated tank, as well as oxytetracycline antibiotic, not accounted for toxicity for 
microcrustaceous Daphnia similis and Danio rerio fish used in ecotoxicological tests. However, 
sublethal effects observed in D. rerio call attention to the impacts continued in a long-term exposure. 
The 17α-methyltestosterone hormone caused acute toxicity to D. similis and D. rerio, showing direct 
impact on the aquatic ecosystem. The results emphasize the need to monitor the ecotoxicological 
effects of fish farming activity and its impacts on water resources, as well as the regulation of 
pharmaceutical products used in crops. 
 
Key words: Fish cultivation, Itaparica reservoir, ecotoxicology, monitoring wastewater. 
 
RESUMO 
O trecho Submédio do São Francisco é considerado região favorável para a piscicultura. Apesar da 
importância econômica e social dessa atividade, o uso de antibióticos, hormônios para reversão de 
alevinos e a adição de nitrogênio e fósforo através alimentação representam potenciais fontes 
geradoras de impactos ambientais. Estudos ecotoxicológicos associados a avaliações físico-químicas 
e biológicas fornecem informações sobre os efluentes de piscicultura e seus impactos, contribuindo 
para formulação de políticas públicas de monitoramento dos efluentes liberados nos corpos hídricos. 
Diante disso, o presente estudo foi realizado em piscicultura de tanque escavado com cultivo de 
Oreochromis niloticus em Pernambuco (Brasil), na região semiárida. Foram avaliados parâmetros 
ecotoxicológicos, físico-químicos e biológicas em seis pontos de amostragem. Os resultados 
mostraram que, quando comparados os dados do efluente antes e após o tratamento por 
fitorremediação, observa-se uma diminuição da concentração dos parâmetros físico-químicos, com 
aumento da taxa de oxigênio dissolvido. Porém, para as variáveis biológicas, houve um aumento, 
chamando atenção o reservatório Itaparica, com densidades de cianobactérias acima do limite 
permitido pela Resolução CONAMA 357/05. Muitos desses parâmetros indicam eutrofização e 
podem interferir na qualidade da água e do peixe. A água e o efluente da piscicultura em tanque 
escavado, assim como o antibiótico oxitetracilcina, não apresentaram toxicidade para o 
microcrustáceo Daphnia similis e o peixe Danio rerio utilizados nos testes ecotoxicológicos. No 
entanto, os efeitos subletais observados em D. rerio chamam atenção para os impactos continuados 
em uma exposição a longo prazo. Já o hormônio 17α-metiltestosterona causou toxicidade aguda a D. 
similis e ao D. rerio, mostrando impacto direto no ecossistema aquático. Os resultados enfantizam a 
necessidade de monitoramento dos efeitos ecotoxicológicos da atividade de piscicultura e seus 
impactos nos recursos hídricos, além da regulamentação dos produtos farmacêuticos utilizados nos 
cultivos. 
 
Palavras-chave: Cultivo de peixes, reservatório Itaparica, ecotoxicologia, monitoramento de 
efluente. 
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1 INTRODUCTION 
 Fish farming is an aquaculture branch for the fish cultivation. According to the Food and 
Agriculture Organization of the United Nations - FAO (1998), aquaculture is the aquatic organisms 
cultivation with human intervention, such as storage, food supply, reproduction process interference, 
managing, protection from predators, in order to increase productivity. Configures itself by an activity 
of great economic and social importance, and currently an alternative animal protein production, in 
order to meet global nutritional needs (MATIAS, 2015). Brazil is one of the countries with the 
greatest potential for the development of this sector (MACARI, 2007) due to the great aquaculture 
potentiality and by offering favorable climatic conditions. 
 Considering the local conditions, the species to be cultivated and market demands, the 
cultivation systems can be formed in different ways among extensive, semi-intensive, intensive and 
super intensive systems (NARAYANAN et al., 2015).  
 The Nile tilapia adaptation success is attributed to the climatic conditions, in addition to 
presenting great competitive advantages in relation to native fishes, which made this one of the most 
used species in Brazil (LIZAMA et al., 2007). The good market acceptance has contributed to the 
expansion and regulation of fish farming activity in the country (BARROSO; ANDRÉS, 2014). 
 The fish cultivation depends crucially on the water available quality and quantity. However, 
during the production process, which requires a large amount of water, feed, fertilizers and veterinary 
pharmaceuticals products, generating wastewater and can cause environmental impacts in its 
surroundings. In addition, the pollutants dispersion can be less efficient to protect the crops of their 
own contaminated effluents. The generated impacts range from variations in water quality changes 
(SILVEIRA et al., 2019), in the planktonic communities dynamics and may vary according to the 
type of growing system used with the characteristics of the stream subject receiver, cultivated species 
type, organisms density, food and with the technology level applied in the cultivation (AMÉRICO et 
al., 2013). In the semi-arid region reservoirs impacts gets worsen due to low water availability and 
the its multiple uses. 
 
      The fish farming potential polluter is directly related to their wastewaters, although they do 
not show high pollutants concentrations when compared to industrial and domestic wastewaters but 
may occur with some limnological variables concentrations above the standards allowed by the 
Brazilian legislation, characterized as an environmental impact (AMÉRICO et al., 2013). 
 An unconsumed ration and the metabolic excretions are responsible for phosphorous and 
nitrogen enrichment in cultivation tanks and in generated wastewater (MOURA et al., 2014). From 
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the physiological fish waste, ammonia (primary nitrogen excreted waste) is highly toxic to aquatic 
organisms (ARANA, 2004). 
 Beyond of nutrient supply develops the use of pharmaceuticals such as the 17 α-
methyltestosterone hormone that is commonly used in fish tanks for the production of monosex male, 
since male fish represent greater body mass gain, lower energy expenditure with reproduction and 
faster arrival to adulthood, becoming more economically viable (DAYS-KOBERSTEIN et al., 2007; 
YASUI et al., 2007). 
 The 17 -methyltestosterone can occur through the addition in the fish feed or for immersion 
baths during the breeding process in fish farms. Wastewater disposal from fish farms containing this 
compound can lead to stream subjects contamination, bringing environmental damage as the other 
species masculinization of body receiver, causing ecological imbalances (HOMKLIN, 2011; 
AMARAL, 2012). In addition, the -methyltestosterone causes fish physiological and development 
damages such as gonadal intersex (AMORIN, 2013). 
Ecotoxicological studies allow an understanding prognostic about the influence of impacts of these 
compounds in the environment, being living organisms used in tests able to responding to the 
presence of toxic substances and determine the time and the concentrations at which the contaminant 
is potentially harmful for the environmental risk assessment in aquatic ecosystems (ZAGATTO; 
BERTOLETTI, 2008). 
      Associated physical and chemical assessments phytoplankton community composition and 
primary productivity, provides information about the current conditions of a wastewater and its 
impact, contributing to the public policies formulation for control and wastewater monitoring released 
in stream subjects (DENBINSKI et al., 2019). Understanding the nature of the impacts generated is 
important to contribute to the promotion of a sustainable and economically viable productive model 
(CARVALHO et al., 2019). 
 Thus, this study aims to analyze the physical and chemical conditions, biological and 
ecotoxicological properties in water and wastewater from fish excavated tank dug around the 
Itaparica reservoir. This information assists in the impacts understanding generated by fish farming 
and the public policies promotion to standardize and guided the use of products and chemicals, 
contributing to the sustainable strengthening fish farming activity in the Pernambuco State semi-arid 
region. 
2 MATERIAL AND METHODS 
Study area 
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 The study was developed in the Pernambuco semi-arid region (08° 50 ' 22.50 "South and 
38° 41 ' 47.38" West), located in the São Francisco river basin (Fig. 1). The study area has an economy 
where the practice of fish farming is intensely present (SILVA; SILVA; BARBOSA; 2011). 
 The Itaparica reservoir, formed by the river San Francisco dams in lower middle, has a 
storage capacity of approximately 11 billion m³ of water, with a maximum depth of 101 m and an 
average 21 m. It is located in the state of Pernambuco in the cities of Belém de São Francisco, 
Itacuruba, Jatobá, Floresta and Petrolândia, located upstream of Paulo Afonso hydroelectric complex, 
with the function of electric power generation and the regularization of the daily and weekly flows 
forecast of Paulo Afonso complex plants (CHESF, 2010) 
 Fish excavated tank is on the Itaparica reservoir shores and has three excavated tanks for 
tambaqui (Colossoma macropomum) cultivation and 17 excavated tanks for juvenile Nile tilapia 
cultivation. The support efficiency for the Nile tilapia cultivation is approximately 28,200 units per 
season, in addition to excavated tanks for Tilapia fingerlings production and tanks for breeding. The 
area has a phytoremediation treatment tank that captures the wastewater from the juvenile Nile tilapia 
cultivation tanks. 
 Youth cultivation tanks have 1,800 m3 area, support up to 75000 liters of water per tank, 
with depths ranging from 1.5 m to 1.8 m and water renewal between 10 to 15 days. A daily total of 
10 to 12 meals are inserted to feed basis, accounting for 13.500 kg per month. The diet may vary over 
time depending on the fish weight and age. The feed is inserted after five days of the fish entrance in 
the tanks and the ends four days before the harvest, and the tilapia remain on average 60 to 65 days. 
 Each tank intended for fingerling has approximately 24,000 individuals, with a total annual 
average production of 700,000 to 800,000 units. In the tanks dedicated to the creation of Tilapia 
fingerlings occurs addition of feed probiotics, hormones (17 α-methyltestosterone), antibiotics 
(oxytetracycline) and antifungals. 
Fig 1 The study area location map on the Itaparica reservoir shore, in the São Francisco River basin. 
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Methodology 
 Samples for physico-chemical analysis, biological and ecotoxicological properties were 
collected at six sampling points, P1, P2 and P3 for the fingerling’s cultivation tanks, P4, youth 
cultivation tanks wastewater, P5, wastewater after treatment by phytoremediation and P6, the 
Itaparica reservoir. At sampling time were measured water and air temperature (°C) variables, 
electrical conductivity (μS/cm), total dissolved solids (mg/L), salinity (?), dissolved oxygen (mg/L 
O2), hydrogen potential (pH), through the use of a multiparameter probe YSI 556 model MPS, and 
Secchi disk to measure depth (m) in all sampling points. 
 The water samples collected for physico-chemical and ecotoxicological analyses followed 
the proposed standards by the National Guide for Sample Collecting and Preservation as 
recommended by the Environmental Company of the State of São Paulo (CETESB, 2011) regarding 
samples of water, sediment, aquatic communities and liquid wastewater (CETESB, 2011) and 
Standard Methods for Examination of Water and Wastewater (APHA, 2012). 
 The phytoplankton community collection was carried out with the help of a phytoplankton 
net with a mesh of 20 μm, filtered the volume of 100 L of water, and packaged in a polypropylene 
container with a capacity of 250 ml, duly identified and preserved with acetic Lugol's iodine in the 
dark. The concentration and count phytoplankton samples method followed the recommendations 
described in items C and F 10200 from the American Public Health Association (APHA, 2012). 
 The water physical and chemical analyses were made in accordance with the methodologies 
determined in the Standard Methods for the Examination of Water and Wastewater (ABNT, 2012). 
In the laboratory, there were analyzed alkalinity parameters, hardness, ammonia, nitrate, nitrite, total 
phosphorus, total phosphate, orthophosphate and chlorophyll-a and pheophytin. 
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 All procedures related to the organism’s cultivation and ecotoxicological tests were based 
on the standards of the Brazilian Association of Technical Standards, the ABNT NBR 12713:2004 
for D. similis and the ABNT NBR 15499:2015 for D. rerio (ABNT, 2004; 2015). 
Ecotoxicological statistical treatment analyses 
 For the statistical analysis, the calculation of Ec50/48 hours, that is, the toxic agent 
concentration that causes immobility for 50% of the organisms exposed in the 48 hours period and 
Lc50/168 hours; the toxic agent concentration that causes lethality to 50% of the organisms exposed 
in the 168 hours period (CETESB, 1992), will be using the Spearman-Karber method Trimmed 
(HAMILTON et al., 1977) through the computer program "Abbott". 
 To evaluate significant differences between the samples and the control, statistical tests 
were performed on the program "Sigma Plot 11.0". In order to determine the test to be applied, the 
specimens were subjected to the test of normality. According to the results of normality, 
nonparametric tests were applied for independent samples two-by-two (t test) and the parametric tests 
(one-way ANOVA). The p values were determined by the Kruskal Wallis test or Dunnet. The 
statistical analyses were performed considering the level of significance of 5%. 
 
3 RESULTS AND DISCUSSION 
Physical-chemical analysis 
 Physical and chemical analyses of the water include parameters analyzed in situ and in the 
laboratory (Table 1). The water temperature obtained maximum value of 28.5° C on the reservoir 
surface, and 26.58° C at sampling point P1. Conductivity, total dissolved solids and the salinity 
showed higher values in point P2, while the minimum values for both parameters occurred in point 
P5. 
 Water transparency was higher in points P3 and P6, and lower in P2, corroborating with the 
data of total dissolved solids, conductivity and salinity. According to Esteves (2011), the electrical 
conductivity, dissolved solids and salinity are directly correlated to salts concentrations, acids and 
bases dissolved in the water. 
 The highest hardness value was registered at the sampling point P1 with 31.23 mg. L-1 
CaCO3, followed by P4, with 30.83 mg. L
-1 CaCO3. The alkalinity showed higher value in the 
sampling point P4 with 52.00 mg. L-1 CaCO3, followed by P3, with 48.00 mg. L
-1 CaCO3. The 
smallest values for hardness sampling points were recorded in P5 and P6, registering 18.42 mg. L-1 
CaCO3 and average 24.68 mg. L
-1 CaCO3, respectively. The minimum values for alkalinity followed 
the same pattern, with the lowest values, registering 37.50 mg. L-1 CaCO3 in P5, and average 38.00 
mg. L-1 CaCO3 in P6. The high values of the ions that determine the parameter hardness when 
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available can inhibit the assimilation of metals and it’s toxicity in the environment interfering directly 
in the ecotoxicological tests results (ZAGATO; BERTOLETTI, 2008). 
 Between nitrogenous forms the ammoniacal nitrogen, nitrite and nitrate are the main forms 
absorbable by the organisms, so its measure helps water quality indication (EDWARDS, 2011). 
Ammonia displayed the largest concentrations between nitrogenous forms, with maximum value in 
the sampling point P1 with 0.9703 mg. L-1 and the smallest value of 0.0249 mg. L-1 N in the P6 
euphotic zone. Nitrate and nitrite, as well as ammonia, exhibited the highest concentration in the 
sampling point P1 registering 0.2510 mg. L-1 N and 0.1826 mg. L-1 N, respectively, already the lowest 
nitrate and nitrite amount were recorded at the sampling point P5 registering 0.0092 mg. L-1 N to 
nitrate and 0.0015 mg. L-1 N to nitrite. 
 Total phosphorus exhibited the highest values in the sampling points P1 and P3 with 0.5073 
mg. L-1 P and 0.4017 mg. L-1 P, respectively, now the lowest concentrations for this parameter were 
recorded in P6. Phosphorus is one of the major limiting factors in aquatic ecosystems, and the 
monitoring of total phosphorus levels is essential for controlling eutrophication of aquatic 
environments. 
 Phosphate and orthophosphate recorded the highest fingerlings values in reservoirs that 
corresponds to the points P1 and P3. The lowest concentrations for these parameters were recorded 
in P6, with mg 0.0172. L-1 P of phosphate in the background and 0.0014 mg. L-1 P of orthophosphate 
in the euphotic zone. 
Table 1 Concentration of various physico-chemical properties of the water and wastewater sampling points for fish 
excavated tank.  
Parameters P1 P2 P3 P4 P5 
P6 
S EZ B 
Water Temperature (ºC) 26,58 27,95 26,97 26,81 26,90 28,50 27,82 27,80 
Dissolved oxygen (mg.L-1 O2) 5,20 11,39 4,87 4,62 6,84 9,50 8,30 6,80 
pH 8,02 9,23 7,90 7,69 7,89 8,50 7,90 7,81 
Total Dissolved Solids (mg.L-1) 80,00 120,00 80,00 70,00 50,00 60,00 60,00 60,00 
Conductivity (μS/cm) 130,00 186,00 120,00 111,00 82,00 92,00 85,00 85,00 
Salinity (‰) 0,06 0,09 0,06 0,05 0,04 0,04 0,04 0,04 
Secchi disk (m) 0,30 0,20 0,80 0,05 0,40 0,70 - - 
Alkalinity (mg.L-1 CaCO3) 45,50 44,50 48,00 52,00 37,50 33,00 39,00 42,00 
Toughness (mg.L-1 CaCO3) 31,23 28,02 28,22 30,83 18,42 22,42 24,62 27,02 
Nitrate (mg.L-1 N) 0,25 0,02 0,09 0,23 0,01 0,14 0,20 0,14 
Nitrite (mg.L-1 N) 0,18 0,01 0,08 0,04 0,00 0,00 0,01 0,01 
Ammonia (mg.L-1) 0,97 0,05 0,75 0,85 0,03 0,10 0,02 0,05 
Total phosphorus (mg.L-1 P) 0,51 0,26 0,40 0,39 0,13 0,10 0,06 0,05 
Orthophosphate (mg.L-1 P) 0,31 0,02 0,31 0,12 0,03 0,02 0,00 0,01 
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Phosphate (mg.L-1 P) 0,43 0,24 0,40 0,37 0,12 0,07 0,02 0,02 
S = surface; EZ = euphotic zone; B = bottom. 
 
 The highest nutrients concentrations were found in the sample points P1, P2, P3 and P4 and 
are directly related to feed entries in reservoirs, water retention period and the tanks management. 
The accumulation of these nutrients is inevitable in the cultivation process, since the feed is the basis 
supply for the fish.  
 Nitrogen and phosphorus main components for the stream subjects eutrophication 
(ESTEVES, 2011) were related in Stephens; Farris (2004 a, b) work, in ecotoxicological tests with 
Ceriodaphnia dubia, showing that concentrations above 0.10 mg. L-1 of total phosphorus caused 
toxicity. As well as the ammoniacal nitrogen or ammonia toxicity total values whose found by the 
authors was 0.53 mg. L-1 the 4.94 mg. L-1 (CL50) of acute toxic effect, respectively, and for chronic 
toxicity to 0.46 mg concentration. L-1, with the organisms affected during reproduction. It can be 
observed that, between the nitrogen and phosphorous compounds, there was a values reduction of the 
point P4 to P5, in addition to the increase in the dissolved oxygen percentage from one point to the 
other, suggesting that wastewater treatment by phytoremediation improves the wastewater 
composition released into Itaparica (receiver).  
 Studies show the removal of nitrogen and phosphorus efficacy in wastewater generated by 
fish farms through treatment by phytoremediation (SIPAÚBA-TAVARIS et al., 2002; SIPAÚBA-
TAVARES; BRAGA, 2008; HENRY-SILVA; CAMARGO, 2008) 
Biological Analyses 
Chlorophyll-α and pheophytin 
 Phytoplankton biomass is reflected in chlorophyll-a concentration. The chlorophyll-a and 
pheophytin data showed results with values permitted by Conama resolution 357/2005, to class 2 
water, with a maximum of 30 µ g/L (BRAZIL, 2005), standing out to the P6, Itaparica reservoir-
related point, place that fits in that legislation (table 2).   
 Still, it is characterized for being the wastewater launch site of undertaking, in addition to 
place water for fish farming itself. Evince the potential risk of contribution to speeding up the 
eutrophication process in the tanks. 
 
Table 2 Water and wastewater Chlorophyll-a (g/L) and pheophytin (g/L) concentrations at sampling points for fish 
excavated tank in 5 May 2016.  
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Sampling points Chlorophyll-a µ g/L Pheophytin µ g/L 
P1 6,065 4,246 
P2 191,580 98,580 
P3  8,338 3,848 
P4 127,294 74,981 
P5 74,981 41,850 
P6 (S) 32,481 15,824 
P6 (EZ) 12,335 4,699 
P6 (B) 1,187 0,594 
S = surface; EZ = euphotic zone; B = bottom. 
 
 Study by Lopes et al. (2015), through modeling with satellite images in October 2012, 
identified that about 96% of the Itaparica reservoir lies with chlorophyll-a values below the threshold 
established by Conama Resolution 357/05 (BRAZIL, 2005). 
Phytoplankton community 
 In general algae blooms development in high densities are caused by underwater light 
conditions and high nutrient availability, whether natural or anthropogenic (MATSUMURA-
TUNDISI, 2008). In fish farming systems, the phytoplankton may represent the largest source of 
turbidity, powered by growing use of rations in reservoirs, causing lead to decreased light penetration 
into the water (MERCANTE et al., 2008).   
 The phytoplankton community composition in the sampling points situated in fish 
excavated tank during the May 2016 period, was represented by six classes. These were: 
Chlorophyceae, with 18 taxa, representing 46% of the taxa found, followed by Cyanophyceae, with 
10 taxa (26%), Euglenophyceae, with six taxa (15%), Bacillariophyta and Cryptophyceae with two 
taxa each (5%), while yellow-green algae occurred only with a taxon (1%). Chlorophyceae species 
contribute large number in tropical environments and oligotrophic and his contribution as wealth is 
reported by several authors in the northeast (CHELLAPPA et al., 2009; COSTA et al., 2009; 
RODRIGUES, et al., 2010; SILVA et al., 2011).  
 When comparing sampling points verify that in P5, after wastewater treatment of fish 
farming is the highest number of taxa among the others (fig. 2). Physico-chemical data recorded in 
P5 suggest that the decrease in nitrogen and phosphorous compounds levels at that point may have 
influenced the emergence of greater species richness. 
 
Fig 2 Distribution of phytoplanktonic wealth in the sampling points for fish excavated tank. 
 
Brazilian Journal of Development 
 
      Braz. J. of Develop., Curitiba, v. 5, n. 11, p. 24934-24961, nov. 2019.    ISSN 2525-8761 
24944  
 
 
 Chlorophyceae and Cyanophyceae occurred in most stations, with the exception of 
Chlorophyceae in P6 and cyanobacteria in P1, while yellow-green algae recorded presence only in 
P5. In the nursery for the fingerlings production P1, occurred only Division Chlorophyceae. 
Remember that at the time of this collection, the insertion time of the fingerlings was only five days 
and that the water was murky due to sediment resuspension in the process of filling the tank between 
a production cycle and others. 
 Then, at P2 reservoir, with fingerlings introduced in the 15-day period and with higher feed 
intake, registered the presence of four phytoplanktonic divisions, while the third nursery P3, with 50 
days of release of fingerlings ration contribution of Xenobiotics and hormones, decreased species 
richness. These factors can be correlated, because phytoplankton is sensitive to changes in water 
quality (CASE et al., 2008). 
 The registered values for phytoplankton density in the sampling points showed high 
densities, especially in the reservoir. The total density of the phytoplankton in the sampling points 
was of 133.938.872 cells/mL. Cyanophyta was the most representative in relation to taxon density, 
with total of 130.054.327 cells/mL, while Sphaerospermopsis torques-reginae presented 90.328.014 
cells/mL, Microcystis whesenbergii with 32.671.835 cells/mL and Chroococcus limneticus with 
6.191.502 cells/mL, contributing with the highest values. 
 Bacillariophyceae was the second class with higher density, with 2,306,926 cells/mL, 
followed by Chlorophyta, with 1.567.217 cells/mL, Euglenophyta, with 5.370 cells/mL, Cryptophyta, 
with 4.880 cells/mL and Xanthophyta, with only 151 cells/mL. 
 Osti et al. (2011), studying the phytoplankton community in a fish farming, identified that 
Chlorophyceae was the most representative density, followed by Cyanophyceae and 
Bacillariophyceae. Research already developed by Aragão-Tavares et al. (2015) identified a total of 
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110 species, distributed in ten groups, at Itaparica reservoir, with the highest contribution of diatoms, 
followed by the Chlorophyceae. 
 Checking with the density sampling points distribution values in P6, with total of 
131.456,088 cells/mL and P2, with 2,336,029 cells/mL, were the most representative points. 
Comparing with the chlorophyll-a data note that in points P2, P4 and P5 were recorded the highest 
densities. At sampling points P2 and P5 was found higher values of density related with 
Chlorophyceae and Cyanophyceae group in P6. 
 From total phosphorus results between the sampling points, the highest values were 
recorded in points P1 and P3, while higher phytoplankton densities were observed in sampling points 
P2 and P6, especially cyanobacteria. It is suggested that the decrease of the phosphorus densities in 
the sampling points related to the cyanobacteria occurred with greater representativeness is due to the 
fact that they may have consumed the nutrient. Once, the Cyanophyta possess mechanisms for 
adaptation to better use of phosphorus.  
 Dissolved oxygen data corroborate with the phytoplankton community data density, once 
at the points where was registered the highest densities, also occurred the higher dissolved oxygen 
values. Phytoplankton primary production contributes to the oxygen production. 
 The changes between the nutrients concentrations in the water directly influence the 
phytoplankton community, interfering in the species diversity and density (MELO et al., 2012). The 
nutrients enrichment in the water can lead to stratification in the water column and increased water 
temperature, and the biodiversity reduction is one of the impacts generated in the aquatic environment 
(EDWARDS, 2011). These factors support the Cyanophyta dominance. Cyanophyta blooms may be 
related to the process of water eutrophication (CARDOSO et al., 2013). 
 The Cyanophyta possess ability to adversely influence the diversity of phytoplankton 
organisms (SHARP et al., 1999), because some species have mechanisms for adaptation and better 
use of nitrogen or phosphorous compounds, to exceed compared to other groups. According to Melo 
et al. (2012), phosphorus can be considered limiting for primary productivity in lake ecosystems, and 
its high availability in water benefits the Cyanophyta growth. In addition, among the identified 
Cyanophyta, the genera Anabaena sp., Microcystis sp. and Oscillatoria sp., have species considered 
potentially cianotoxins producers, with occurrence in waters intended for breeding (BARROS et al., 
2010; AGNOLLO, 2014).  
These high values of Cyanophyta density represent a risk to the populations, especially by the 
occurrence of species potentially producing toxins, in addition to the risk of bioaccumulation in fish, 
molluscs and bivalves, calling attention to occur in high density fingerlings cultivation in the nursery, 
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and in humans, by biomagnification through fish consumption and as a reservoir deals for multiple 
uses with water intended for human consumption. 
Ecotoxicological test in water and wastewater fish samples in excavated tank using Daphnia 
similis 
 For the control group and the fingerlings tank P1 and P2 immobility was not observed. In 
P5, 5% of immobility was recorded followed by P6 and P3, with 10%. The highest percentage was 
registered in P4, with 15% point for the wastewater from fish farming. However, the results of the 
acute toxicity tests did not differ statistically (p = 0.254), so that the water samples collected in the 
six sampling stations don't have caused acute effects on Daphnia similis. At the time of the test, the 
environmental variables, pH, conductivity, temperature, total dissolved solids and dissolved oxygen 
(mg/L O2), were within the limits recommended by ABNT to D. similis cultivation. 
 Corroborating with data found in this study, research conducted with the purpose of 
estimating the pollution effects caused by the fingerlings production in a fish farming in São Paulo 
by Campos et al. (2014), using D. similis as test organism, indicated low polluting capacity of fish 
farming in the stream subjects in the region, confirming potential non-toxic wastewater generated by 
nurseries fingerlings creation. The toxicity was observed only in the supply system and the incubators, 
suggesting the contaminants upstream release by the use of biocides in the adjacent plantations. In 
this fish farming, nurseries, presented as biological filters and produced non-toxic effluents.  
 On the other hand, work done by Bazante-Yamaguishi et al. (2009), in fish farming of Nile 
tilapia production, using the cladocera Ceriodaphnia dubia, as test organism, acute and chronic 
toxicity showed throughout the six sampling points. The authors correlated the results obtained with 
the physical and chemical analysis and found that the total phosphorus and total ammonia nitrogen 
levels were the variables with the greatest suspicion of factors influencing the results of acute and 
chronic toxicity test organism, as well as point sources of pollutants upstream, confirming that the 
supply source reaches the place carrying toxic characteristics. Thus, they concluded that the fish 
farming activity studied did not increase the degree of toxicity to C. dubia and, in general, there was 
an improvement in this aspect after the wastewater release in the receiving Corps. However, it is 
worth mentioning that the high degree of eutrophication of the points in the nursery and in the effluent 
point to the need for treatment before his eviction in the body (BAZANTE-YAMAGUISHI et al., 
2009).  
Ecotoxicological test in water and wastewater fish samples in excavated tank using Danio rerio 
 The hatching rate and mortality observed in Danio rerio embryos showed no statistically 
significant differences between sampling stations. The hatching began with 48 hours of exposure and 
at 96 hours all healthy eggs were hatched. When comparing the mortality results in sampling points 
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with control, statistical analysis showed that there was no significant variation among them, with 
value of p = 0.084. As well as hatchability in 96 hours of exposure, with value of p = 0.340.   
 The percentage of fertilized eggs coagulation in 24 hours of exposure was 3.3% for P1 and 
P3; 13.3% for the control and P4, and 23.3% to P2. The remaining showed no coagulation of fertilized 
eggs in the first 24 hours of exposure.  
 At the end of the test was checked a mortality average of13.3% in the control, 10% to 3.3% 
in P1, P2, P3, 16.7% 13.3% 6.7% in the P4, P5 and P6 13.3%. According to the standard ABNT NBR 
15499:2015, despite the average mortality of the control to be above the result found in some stations, 
the test lies within the 20% standard allowed for results validation (ABNT, 2015).  
 It is always recommended that the lethal effects are not sufficient to characterize a toxic 
effect or when result in the toxic effects absence in the test solution 100% of wastewater tested, using 
the chronic ecotoxicity in order to observe the sub lethal effects on organisms (BERTOLETTI, 2013).  
 The main endpoints or sub lethal effects considered were fertilized eggs coagulation, late 
of the vitelline sack absorption, late development, the absence of somite, eye pigmentation, 
melanophores lack, atypical swimming, edema presence, cardiac edema and beyond this heart rate 
monitoring was performed (Table 3). 
 The heartbeat remained in the same pattern in all the samples displayed, without variations 
during the period of the test.  
 According to Arenzon et al. (2013), consider only the effects on the D. rerio survival may 
not always be sufficient to characterize the toxicity of environmental samples. Although the samples 
were considered as non-toxic, following protocol of ABNT NBR 15499:2015 (ABNT, 2015), sub 
lethal effects were observed and these should be considered as the wastewater are generated 
continuously, while the activity is in development.  
 Fish farming has socio-economic importance in Pernambuco semi-arid region, promoting 
employment and income generation, in a region with few opportunities, in addition to representing 
an excellent alternative to answer the nutritional demand increasingly growing in the country. But, 
has the ability to cause several negative environmental impacts, mainly the wastewater generation, 
with high nutrient loads and pharmacists, as hormones and antibiotics, that can cause degradation of 
the water quality of stream subjects recipients.  
 
Table 3 Percentage of observation of endpoints examined during chronic short test with Danio rerio exposed to water 
samples and fish farming of wastewater excavated tank in 168 hours of exposure to 100% of the samples 
 
Endpoints Control P1 P2 P3 P4 P5 P6 
24 hours 
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Eggs coagulation 13,3% 3,3% 23,3% 3,3% 13,3%     
48 hours 
Vitelline sack delayed absorption         3,3% 3,3%   
Melanophores lack       3,3%   3,3%   
96 hours 
Melanophores lack   3,3%       6,7%   
Vitelline sack delayed absorption         3,3%     
120 hours 
Melanophores lack   3,3%       3,3%   
144 horas 
Cardiac edema       13,3%       
Vitelline sack delayed absorption             3,3% 
168 horas 
Cardiac edema       10%     3,3% 
Atypical swimming     3,3%         
Weaker ocular pigmentation       3,3%       
Vitelline sack delayed absorption             3,3% 
 
Evaluation of Acute and chronic toxicity of the hormone 17-α methyltestosterone in Daphnia 
similis 
 In the acute exposure assay of 17-α Methyltestosterone to D. similis No statistical difference 
was observed between control and control with alcohol (P = 0686), but it was found that there was a 
statistically significant difference Between the tested concentrations and the control (P = < 0.001). 
The statistical analyses showed that the concentrations of the 17-α Methyltestosterone used in this 
study showed acute toxicity for the species D. similis, except for the concentration of 4.8 µg.L-1, 
registering 30% of Medium immobility. According to the Trimmed-Spearman-Karber method, the 
concentration that caused immobility to 50% of the TEST organisms (CE50; 48h) calculated was equal 
to 7.62 µg.L-1, with confidence limits of 95% lower and 5.25 mg.L-1 and 11.06 mg. L-1, respectively 
(Fig. 3).  
 Differing from the results observed here, the Falone Survey (2007) did not observe the 
toxicity of 17 α-methyltestosterone to D. similis, using two concentrations 1 mg. L-1and 50 mg.L-1. 
However, the author draws attention to the fact that the hypothesis of toxicity should not be ruled out 
at higher concentrations, considering that these microorganisms filter the water for obtaining oxygen 
and feeding. And also, the fact that the presence of the hormone was detected between 15.5 mg.L-1 
and 99.5 mg.L-1 in cultivated nurseries with different conditions, which probably accumulated by the 
ration not consumed entirely when passing the applications daily.  
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Fig 3: Acute Toxicity test with the hormone 17 α-methyltestosterone performed with the organism D. similis, Percentage 
of maximum, minimum and average immobility between the replicas and the value of EC50: 48h. 
 
 
 
 
 
 
 The pH may be related to the availability of the hormone in the water, indicating that in 
waters with neutral pH the process of degradation of the hormone is slow (FALONE, 2007). Although 
the pH of the water in the nursery T1 and T2 were 8.02 and 9.23, respectively, no toxicity was detected 
in the water samples collected in these nurseries. However, for the concentrations of 17 α-
methyltestosterone tested in this study, although below those found in other studies, a toxic effect 
was recorded in Daphnia similis. 
In the chronic assay with the hormone 17-α methyltestosterone to observe effects on 
reproduction of D. similis, It can be verified, by means of a statistical test (t test), that there was no 
statistical difference between control and control with alcohol (p = 0.967). In the analysis between 
the concentrations tested in relation to the control, it was also possible to verify that the data did not 
present statistically significant difference (P = 0.558). Thus, it was found that the hormone 17 α-
methyltestosterone did not affect the reproduction of D. similis in the concentrations tested. 
Toxicity evaluation of the antibiotic oxitetraciclina in Daphnia similis 
CE50:48h = 7.62 μg.L-1 
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 For the assay performed with oxytetracycline, in the period 48 hours of for D. Similis. 
Differing from this result, in other studies of exposure, it was found that there was no statistically 
significant difference between the concentrations tested and the control (p = 0532), with average 
percentage of organisms immobility below 20%, therefore oxytetracycline did not present toxicity 
identified toxic effect of oxytetracycline. Although the pH of the water in the nursery T1 and T2 were 
8.02 and 9.23, respectively, no toxicity was detected in the water samples collected in these nurseries. 
However, for the concentrations of 17 α-methyltestosterone tested in this study, although below those 
found in other studies, a toxic effect was recorded in Daphnia similis. 
Oxytetracycline for Microcrustaceans daphnia magna and Ceriodaphnia dubia, organisms 
widely used in ecotoxicological assays (Isidori et al., 2005; SANTOS et al., 2010). 
 Other results found in the literature corroborate those observed in the present study, where 
researchers evaluating the toxicity of oxytetracycline did not observe toxic effect in their experiments 
using as test organisms like D. magna (WOLLENBERGER et al., 2000; KOLAR et al., 2014). They 
also suggest that breeding tests of crustaceans should be included in a strategy for the use of 
antibiotics, since, despite not identifying acute toxic effect, a chronic toxic effect 
(WOLLENBERGER et al., 2000) was observed. 
 Although oxytetracycline is commonly used in fish farms in Brazil, this antibiotic is not 
released for use in aquaculture activities in the country. A study shows that the bioavailability of 
oxytetracycline after administration in crops may not be detected in water after 5 days, and in the 
sediment, after 27 days, after the last medication. However, much of this antibiotic is not 
biodegradable and can return to the water column and be leached to other sites (UENO et al., 2004). 
 Just as the occurrence of diseases are limiting factors for productivity in fish farming, the 
use of veterinary pharmaceutical products also represents a risk that need to be evaluated, such as 
environmental intoxication. 
Evaluation of the chronic toxicity of the hormone 17-α methyltestosterone in Danio rerio 
In the evaluation of the toxicity of 17-α methyltestosterone in Danio rerio its observed that 
the mortality results showed a statistically significant difference (P = 0.015). Only the concentrations 
0.7488 mg.L-1 were varied with respect to the control and 0.864 mg.L-1. By means of a statistical test 
(t test) it can be verified that there was no statistical difference between control and control with 
alcohol (P = 0.207). 
The percentage of hatching of the eggs did not present significant variation between the 
exposed concentrations and the control (P = 0.344). Hatching of the eggs started with 48 hours of 
exposure, but it was observed that most eggs were hatched only at 120 hours of exposure. Possibly, 
the delay in hatching of the eggs in relation to the samples of the fish farming, was given that the 
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temperature at the time of the assay with the hormone remained lower, with an average temperature 
of 23.5 °c, while at the time of the performance of the assay with The samples of the fish farming the 
average temperature was at 25.55 °c. 
According to Dammski et al. (2011), usually the eggs of D. Rerio hatch from 2 to 3 days post-
fertilization, but this time depends heavily on the temperature, and in the lowest the hatching is longer 
compared to higher temperatures. 
 Statistical analyses showed that the concentrations of the 17-α Methyltestosterone hormone 
used in this study showed acute toxicity at 168 hours of exposure for the D. Rerio species only at 
0.7488 mg.L- concentrations 1 and 0.864 mg.L-1. In the other concentrations, a mortality rate of less 
than 50% was observed. According to the Trimmed-Spearman-Karber method, the concentration that 
caused lethality to 50% of the TEST organisms (CI50; 168h) was 0.63 mg.L
-1, with confidence limits 
of 95% lower than and higher than 0.54 mg.L-1 and 0.73 mg.L-1, respectively (Fig 4). The 
concentration of unobserved effect (Ceno) was recorded in 0.5184 mg.L-1 and the observed effect 
concentration (CEO) was pointed at the concentration 0.6336 mg.L-1. 
In a study carried out by Wendt (2013), with a six-day exposure of Danio rerio to 17 α-
methyltestosterone, the highest concentrations were used in relation to the present study, with 5 mg. 
L-1, 7 mg.L-1, 9 mg.L-1, 11 mg.L-1 and 13 mg.L-1, and at the end of the assay, CL 50 was observed: 
96h of 10.30 mg.L-1. Compared with the present study, it was identified a much lower concentration 
of the hormone 17 α-methyltestosterone capable of presenting toxicity to D. rerio, however, in longer 
exposure time. 
Several studies have related the effects of the hormone 17 α-methyltestosterone in several fish 
species, thus showing a concern with the toxic effects on ichthyofauna (ZERULLA et al., 2002; 
BADO-NILLES et al., 2014; GAO et al., 2015; SAYED et al., 2016; ZHENG et al., 2016). 
 
Fig 4 result of the short-term chronic toxicity test with the hormone 17 α-methyltestosterone performed with the organism 
D. Rerio, showing the maximum, minimum and median mortalities between the REPLICAS and the value of CL50: 168h. 
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The amount of hormone consumed by the alevines during the sexual reversal process is small 
when compared to the therapeutic doses used in humans (GHISELLI; GARDEN, 2007). In fish the 
hormone is metabolized and eliminated in very small doses in the environment. During growth up to 
commercial size, juvenile and adult continue to excrete the remaining hormone (ZANARDI et al., 
2011). Considering these factors, it is suggested that the consumption of fish subjected to the process 
of sexual reversal does not pose a risk to the health of consumers. 
In a research aimed at determining the presence of 17 α-methyltestosterone by means of the 
chromatographic method in fish samples exposed to the hormone, Silva et al. (2011), did not detect 
residues of the hormone in the fish tested. However, long-term monitoring of the effects of 
degradation products needs to be taken into account, constituting a tool. The control of food quality 
and the quality of water and wastewater in fish farms. Also considering that information on the use 
of this hormone for sexual reversal in fish, helped to promote protocols of use by Food and Drug 
Administration agencies. 
The endpoints or sublethal effects considered were the same observed in the experiment with 
the environmental samples of fish farming. The main sublethal effects observed in the larvae of D. 
rerio by exposure to 17 α-methyltestosterone were the coagulation of fertilized eggs, late absorption 
of the vitelline sac, late development, absence of somyths, Ocular pigmentation, absence of 
melanophores and presence of cardiac edema. In the following tables are listed all observed endpoints 
referring to each hour of exposure and their percentage of occurrence. 
The endpoints observed in this study allowed a better understanding of the potential toxic 
effect of 17 α-methyltestosterone. Despite the low frequency observed, chronic effects due to 
continuous exposure to this hormone can lead to significant changes jeopardizing the development 
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of populations in natural environments. Since this hormone has been widely used in fish farming, it 
is suggested a risk assessment of this product based on the sublethal effects in organisms of other 
trophic levels.  
In countries such as the United States, effects observed from toxicological analyses in fish are 
used in regulatory programs for classification of specific chemicals, new pesticides, water quality 
parameters and tests with disregulators Endocrine (MIRACLE; ANKLEY, 2005). 
The effects triggered by sex hormones on aquatic biota can be varied, from changes in fertility 
rates, fertilization, hatching, behavioral modifications, morphological, histopathological, 
development of Female sexual characteristics in males or the opposite, inhibition of the development 
of sexual organs, sexual reversal, among others (REIS-FILHO et al., 2006). Whereas fish are capable 
of accumulating chemical substances either by direct exposure to pollutants found in water or through 
the trophic chain. 
Toxicity evaluation of the antibiotic oxytetracycline in Danio rerio 
From the assay performed with oxytetracycline, in the period 168 hours of exposure, it was 
found that the results found did not show statistically significant difference (P = 0.194), concluding 
that in the concentrations tested there was no toxicity to D. rerio. The same pattern was observed for 
hatching of the eggs, without statistical variation between the control and the other concentrations 
exposed to D. rerio, with a value of P = 0.257. Hatching of the eggs started with 48 hours of exposure, 
but it was observed that most of the eggs were hatched at 96 hours of exposure. 
Studies have been observing the effects of oxytetracycline on different species of fish, among 
them the data presented in the work of Isidori et al. (2005) Corroborate the present research and 
suggests that the LC50/96h of the said antibiotic is equals to a value Above 1000 mg. L-1 for D. rerio 
in adulthood. For the fish Oryzias latipes, the oxitetracilcin presented toxicity, with LC50/48h of 
110.1 mg.L-1 (SANTOS et al., 2010), and for Pacu (Piaractus mesopotamicus) was identified 
LC50/48h of 7.6 mg/L (Carraschi et al., 2011). 
Researchers have been detecting maximum concentrations in water for oxytetracycline of 49 
mg.L-1 and sediment, with 6,908 mg/kg (RICO et al., 2014). The authors suggest insignificant short-
term risks for primary and invertebrate producers; however they warn that the studied fish farms 
constitute an important source of antibiotic pollution. In the fish farming in the semiarid of 
Pernambuco, used as a case study, 70 g of oxytetracycline is administered for each 25kg of ration 
daily, in excavated tanks with an average of 300 alevines. 
Despite the absence of toxic effect, sublethal effects or endpoints were observed. The 
endpoints were coagulation of fertilized eggs, delayed absorption of the yolk sac, delayed 
development, ocular pigmentation, atypical tail curvature, atypical swimming and cardiac edema. 
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The sublethal effects observed in this study indicate that chronic effects represent risks due to 
continuous exposure to oxytetracycline and may lead to alterations in the development of non-target 
organisms of this compost. Zhang Li (2007) Testing the half-life of oxytetracycline in Grass carp 
(Ctenopharyngodon Ctenopharyngodon L.) recommended that the maximum time of use of this drug 
should be at least 25 days before the use of fish for human consumption. Considering oral 
administration at a dosage of 100 mg/kg bodyweight per day, for 7 days at the water temperature of 
21 ± 1 °c. 
 Verifying the bioavailability of oxytetracycline after administration in culture eel and its 
destination in closed aquatic environments, the authors Ueno et al. (2004) concluded that this 
antibiotic was not detected in water after 5 days after the last Medication. In the sediment, the absence 
of oxytetracycline was confirmed only after 27 days after the last medication. Researchers highlight 
another concern about the use of oxytetracycline, since a large part of this antibiotic is not 
biodegradablel (UENO et al., 2004; ZHANG; LI, 2007; GASTALHO et al., 2014), And it was 
recovered from pond water and sediment after medication with diet (Ueno et al., 2004). Emphasizing 
the need for studies to develop methods that increase the bioavailability and recovery of unconsumed 
foods, avoiding the leaching of the drug to the water bodies. 
 The occurrence of diseases, especially parasitic and bacterial, are considered limiting 
factors for productivity in fish farming. The antibiotics that are used in fish farms represent a risk of 
environmental intoxication that deserves to be evaluated. And oxytetracycline, commonly used in the 
control of diseases in fish, is not allowed in aquaculture activities in Brazil (CARRASCHI et al., 
2011). 
 
CONCLUSION 
When comparing the data points in the effluent before and after the treatment it is observed that 
there was a decrease of the values for the physical and chemical parameters, with high rate of 
dissolved oxygen. Demonstrating that the treatment for phytoremediation comes improving the 
wastewater quality. However, to the biological variables were registered increases of values. 
For parameters such as total phosphorus, dissolved oxygen, pH, chlorophyll-a and cyanobacteria, 
the need for strict monitoring, considering the environmental, sanitary and public health. Since many 
of these parameters indicate eutrophication and may interfere with the water quality and in fish 
quality. 
Water and wastewater from fish farming in tank represented acute toxicity for microcrustacea 
Daphnia similis and the fish Danio rerio used in ecotoxicological tests. However, sublethal effects 
observed in Danio rerio call attention for the impacts had been continued in a long-term exposure.  
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The 17α-methyltestosterone hormone, even at low concentrations, caused toxicity to the 
zooplanktonic microcrustacean Daphnia similis and the Danio rerio fish, showing a direct impact on 
the aquatic ecosystem. 
The antibiotic oxytetracycline did not represent acute and chronic toxicity to members of aquatic 
zooplankton and ichthyofauna populations. However, sublethal effects at low percentages of occurrence 
were observed in Danio rerio. Therefore, long-term risks from the accumulation of this compound in the 
sediment should be considered and the need for regulation of its use in Brazil. 
The results presented here emphasize even more the need to conduct studies to assess the 
ecotoxicological effects of fish farming activity and the impact of pharmaceutical compounds 
released in stream subjects. Since national legislation does not mention the limits and standards for 
substances used in fish farming, like hormones and antibiotics. Still, because it is an area with 
multiple uses of water, such as irrigation, human and supply member of a major project of 
interconnection of basins in Brazil.  
The formulation of public policies that guarantee the multiple uses of water and define patterns of 
effluent discharge from aquaculture activities in Brazil is vital for the economic development of the 
sector and the regions where they are settled. As a strategy to contribute to the management of 
aquaculture effluents, future studies with quantitative analysis of the hormone and antibiotic 
concentrations in aquaculture effluent, the receiving water body and the cultivated fish are 
recommended; analysis in other non-target organisms of pharmaceutical compounds used in fish 
farming, belonging to other levels of the food chain; chronic 17 α-methyltestosterone hormone trials 
in endemic fish to verify reproductive effect and local impact; and the formulation of ecotoxicological 
testing protocols with endemic species from the São Francisco river basin. 
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